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(57) ABSTRACT 

A method of forming a composite structure can include pro- 
viding a plurality of composite panels of material, each com- 
posite panel having a plurality of holes extending through the 
panel. An adhesive layer is applied to each composite panel 
and a adjoining layer is applied over the adhesive layer. The 
method also includes stitching the composite panels, adhe- 
sive layer, and adjoining layer together by passing a length of 
a flexible connecting element into the plurality of holes in the 
composite panels of material. At least the adhesive layer is 
cured to bond the composite panels together and thereby form 
the composite structure. 
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BONDED AND STITCHED COMPOSITE 
STRUCTURE 

CROSS-REFERENCE TO RELATED 

APPLICATION 5 

This application claims the benefit of U.S. Provisional 
Patent Application No. 61/480,251, filed Apr. 28, 2011 and 
entitled BONDED AND STITCHED COMPOSITE 
STRUCTURE, which is incorporated herein in its entirety. 

GOVERNMENT FUNDING 

This invention was made with government support under 
contract number NNC09BA02B from NASA Glenn 
Research Center. The United States government may have 
certain rights to the invention. 

TECHNICAL FIELD 

This disclosure relates to a composite structure and, in 
particular, relates to a composite structure formed of panels 
that are stitched and may be bonded together. 

BACKGROUND 

Techniques for securing composite panels of material 
together are known in the art. Currently, bondedjoints have an 
unverifiable reliability associated with them since there are no 
means to assess the quality of the bond in a nondestructive 
manner. The current limitations of bonded joints occur due to 
their lack of redundancy. These joints can fail catastrophically 
upon progressive bond failure. Bolted joints, whose quality 
can be quantitatively measured without testing the joint, are 
not mass efficient and are labor intensive. Bolted joints are 
also heavy compared to bondedjoints and therefore tend not 
transfer load efficiently. 

SUMMARY 

This disclosure relates to a composite structure and, in 
particular, relates to a composite structure formed of panels 
that are stitched and may be bonded together. 

As one example, a method of forming a composite struc- 
ture can include providing a plurality of composite panels of 
material, each composite panel having a plurality of holes 
extending through the panel. An adhesive layer is applied to 
each composite panel and an adjoining layer (e.g., a prepreg 
layer or rigid plate) is applied over the adhesive layer and the 
joint between the composite panels. The method also includes 
stitching the composite panels, adhesive layer, and adjoining 
layer together by passing a length of a flexible connecting 
element into the plurality of holes in the composite panels of 
material. At last the adhesive layer is cured to bond the com- 
posite panels together and thereby form the composite struc- 
ture. 

As another example, a composite structure can include a 
pair of composite panels of material, each of the composite 
panels having a plurality of holes extending therethrough 
adjacent at least one end portion thereof, the end portion of 
each of the composite panels being positioned adjacent to 
each other to define a joint therebetween. A layer of adhesive 
material can be disposed on a surface of each of the composite 
panels overlying the holes. An adjoining layer can be dis- 
posed over the layer of adhesive material on each of the 
composite panels, the layer of adhesive material being cured 
to bond the composite panels of material together. A length of 
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a flexible connecting element (e.g., a thread) can extend 
through the adj oining layer and the layer of adhesive material 
and into the holes of the composite panels to stitch the pair of 
composite panels a together to provide the composite struc- 
ture — providing a redundant connection at the joint. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 depicts a schematic illustration of a composite struc- 
ture in accordance with an example embodiment. 

FIG. 2 is an exploded view of the composite structure of 
FIG. 1. 

FIG. 3 is an exploded view of an example composite panel 
that can be used to form the composite structure of FIG. 1. 

FIGS. 4A-4B depict schematic illustrations of alternative 
composite panel configurations that can be implemented. 

FIG. 5 is a partial cross-section of the composite structure 
ofFIG. 1. 

FIG. 6 depicts a schematic illustration of a composite struc- 
Uire having a circumferential joint. 

FIG. 7 is a partial cross-section of a composite structure 
that includes prepreg stiffeners. 

FIG. 8 is a schematic illustration of a multi -headed tool that 
can be used to form the composite structure ofFIG. 1. 

FIG. 9 is a flow diagram illustrating an example of method 
that can be used to make a composite structure. 

DETAILED DESCRIPTION 

This disclosure relates to a composite structure formed of 
cured composite panels that are stitched and may be bonded 
together. This disclosure also discloses a method to make 
such composite structure. As disclosed herein, the composite 
structure allows for increased damage tolerance and redun- 
dancy of a composite joint (by plural comiections at the joint) 
and provides a highly efficient approach to join two adjacent 
panels. Such a composite structure can be used for example, 
to join panels of materials for aircraft (e.g., rockets, such as 
heavy lift launch vehicles) as well as other vehicles and 
mechani sm that are expected to experience increased loads at 
joints during use. 

An example of a composite structure 50 is illustrated in 
FIGS. 1-2. The composite structure 50 includes two or more 
composite panels 10, an adhesive layer 30 and an adjoining 
layer 40. Stitching 58 mechanically connects the composite 
panels, adhesive layer, and adjoining layer together to provide 
the composite structure 50. 

In the example of FIG. 1, each composite panel 10 has a 
generally rectangular shape, although other shapes such as 
triangular, square, circular, etc. may alternatively be used in 
other examples. Additionally, while the composite panel 10 is 
demonstrated in the example ofFIG. 1 as a substantially flat 
sheet of material, each composite panel 10 being joined may 
have other configurations, such as can be curved or cylindri- 
cal. 

In the example ofFIG. 1, each composite panel 10 extends 
along an axis 20 from a first end 22 to a second end 24. The 
composite panels 10 are manufactured and cured prior to 
assembling the composite structure 50. Each composite panel 
10 may have several different architectures. 

Referring to FIG. 3, the composite panel 1 0 can be formed 
as a honeycomb sandwich. For example, the honeycomb 
sandwich for such composite panel 10 can be formed of a 
honeycomb core that is bonded between a pair of composite 
facesheets 12. The honeycomb core 14 can be formed of a 
metal, e.g., aluminum or an alloy thereof. Alternatively, the 
composite panel 10 may constitute fiber reinforced foam 14a 
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(e.g., the TYCOR products available from WebCore Tech- 
nologies, LLC), such as can be formed by wrapping foam 
with dry fibers on a helix and then putting dry fiber facesheets 
12 on both sides such as shown in FIG. 4a. The entire assem- 
bly can be infused with resin with a vacuum pull and heated to 
cure the composite structure. 

As another example, the composite panel 10 may be 
formed as a facesheet 12 that is reinforced with corresponding 
stiffeners 16 such as shown in FIG. 4B. For instance, the 
stiffeners 16 can have various shapes, such as I-shaped, 
Z-shaped or flat top hat-shaped stiffeners. In any case, the 
panels 10 used to form the composite structure 50 may have 
the same construction as one another and may be formed of 
the same material. Alternatively, the panels 10 may have 
different architectures and/or be formed from different mate- 
rials. Producing the panels 10 from the same material helps 
reduce the affects of thermal stresses upon the panels during 
assembly of the cured composite structure 50. 

Referring to the exploded view of FIG. 2, the composite 
structure 50 can include holes 26 formed in each of the com- 
posite panels 10 in a predetermined pattern adjacent the first 
end 22 thereof. The pattern may depend on the geometry of 
the composite panels and/or any force requirements of the 
stitching to be performed. As shown in the example of FIG. 1, 
two rows of holes 26 are formed in each composite panel 10. 
It will be appreciated, however, that more or fewer holes 26 
may be formed in each composite panel 10 in a symmetric or 
asymmetric pattern in other embodiments. The holes 26 are 
sized and arranged to receive a stitching needle and thread in 
order to mechanically secure the composite panels 10 
together without damaging the stitching needle. The holes 26 
may be formed using various techniques such as, for example, 
a typical composite drilling operation or laser drilling. The 
holes 26 may have any shape, e.g., circular, and should be 
clean enough to minimize localized damage to the material of 
the composite panel 10 defining the holes. 

Examples of hole- forming techniques that can be utilized 
are disclosed in U.S. Pat. No. 4,440,532 to D’Apuzzo, U.S. 
Pat. No. 4,789,770 to Kasner, U.S. Pat. No. 5,096,342 to 
Blankenship, U.S. Pat. No. 6,196,908 to Adams, U.S. Pat. No. 
6,713,719 to De Steur, U.S. Pat. No. 7,575,401 to Garrick, 
and U.S. Pat. No. 7,665,935 to Garrick, the entirety of which 
are incorporated by reference herein in their entirety. 

The composite panels 10 on which the adhesive layer 30 
and adjoining layer 40 are provided are aligned in a predeter- 
mined configuration such that they can be joined to form the 
cured composite structure 50. For example, the composite 
panels 10 may be arranged to form a longitudinal or lap joint 
as shown in the examples of FIG. 1 and FIG. 5, which can 
extend along substantially the entire length of the adjacent 
edges of the respective panels being joined. In this example 
lap joint, the composite panels 10 are oriented in a co-planar 
manner such that the first end 22 of each panel in which the 
holes 26 are formed is placed adjacent to one another (e.g., in 
an end-to-end abutting arrangement) in which the ends may 
or may not engage each other. In other examples, the lengths 
of the adjacent edges at such joints may be different. 

As another example, each composite panel 10 may be 
formed into or otherwise be made to have a curved shape at 
the end portion having the holes 26. FIG. 6 demonstrates an 
example where the composite panels being joined have a 
tubular shape. Thus, in this example, each of the first ends in 
this arrangement can have about the same size and curved 
shape (e.g., circular). The first ends 22 can spaced apart from 
opposed ends 24 of each panel 10. The first ends 22 can be 
positioned together be along an axis 20a (e.g., panels 10 can 
be coaxially arranged) such that a circumferential joint is 
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formed between the first ends 22 of the composite panels. In 
either example, as disclosed herein, the composite panels 10 
may abut one another or may be spaced apart from one 
another. The particular j oint design can be made to provide for 
5 enhanced load sharing between the composite panels 1 0 upon 
fo rmin g the composite structure 50. 

A tool, e.g., a roller or spray mechanism (not shown), then 
applies an adhesive layer 30 over portions of each panel 10, 
such that the adhesive layer extends over to cover portions of 
to both composite panels. In one example, the adhesive layer 30 
is laid down only in the area of the holes 26 of each composite 
panel 10, although the adhesive layer may alternatively be 
applied over more portions of each panel or the entirety of 
each panel. The adhesive layer 30 can be accurately laid upon 
15 the composite panels 10 in the area of the holes 26 in the 
composite panels 10 (e.g., by automated devices) since the 
layout of the holes in each panel is known or can be ascer- 
tained easily. Additional adhesive 30 may be provided in one 
or more of the holes 26 in the composite panels 10 (not 
20 shown). 

As a further example, the area enclosing each hole 26 in the 
composite panel 10 should be smaller or equal to the area of 
the adhesive layer 30 laid upon the composite panel. The 
adhesive layer 30 may be provided on a carrier sheet (e.g., 
25 backing paper) that includes an activatable adhesive agent 
that may be cured in response to a stimulus (e.g., heat and/or 
pressure). A single sheet that includes the adhesive layer 30 
can be applied to cover the holes 26 and the joint between both 
panels 10. Alternatively, separate sheets of the adhesive layer 
30 30 can be applied to the surface of each of the panels 10 
overlying the holes 26. The adhesive layer 30 can have a 
coefficient of thermal expansion that is similar to that of the 
composite panel 10 to which it is applied to mitigate thermal 
stresses during subsequent curing of the adhesive and other 
35 temperature fluctuations. 

Examples of constructions for the adhesive layer 30 that 
can be utilized are disclosed in U.S. Pat. No. 3,483,020 to 
Giellerup, U.S. Pat. No. 4,091,157 to Hori, U.S. Pat. No. 
4.460,634 to Hasegawa, U.S. Pat. No. 5,585,178 to Calhoun, 
40 U.S. Pat. No. 5,589,122 to Leonard, U.S. Pat. No. 5,879,794 
to Korleski, and U.S. Pat. No. 6,841,615 to Andersson, the 
entirety of which are incorporated by reference herein in their 
entirety. 

The adjoining layer 40 may constitute a prepreg layer that 
45 includes pre-impregnated composite fibers such as a uni- 
directional tape or woven cloth. The prepreg adjoining layer 
40 may contain an amount of a matrix material used to bond 
the fibers together and to other components. The prepreg 
adjoining layer 40 is disposed on top of the adhesive layer 30 
50 such as via a tool, e.g., a roller. The area of the prepreg 
adjoining layer 40 may be equal or unequal to the area of the 
laid adhesive layer 30. The prepreg adjoining layer 40 can be 
accurately laid upon the composite panels 10 and over the 
joint since the layout of the holes 26 in the panels is known. 
55 The adjoining prepreg layer 40 may be disposed on bonding 
or backing paper and may include a fabric layer impregnated 
or partially-impregnated with a resin composition by apply- 
ing heat and pressure. 

Examples of constructions that can be implemented for the 
60 prepreg adjoining layer 40 are disclosed in U.S. Pat. No. 
4,708,761 to Taniguchi, U.S. Pat. No. 5,397,415 to Manabe, 
U.S. Pat. No. 5,480,508 to Manabe, U.S. Pat. No. 6,391,436 
to Xu, and U.S. Pat. No. 7,013,943 to Sana, the entirety of 
which are incorporated by reference herein in their entirety. 
65 As another example, the adjoining layer 40 can be imple- 
mented as a rigid plate that is applied over the adhesive layer 
30 and over the joint between the composite panels 10. The 
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rigid plate adjoining layer 40 can be as a cured hard plate that 
includes holes sized and positioned to match the holes 26 
through the composite panels being joined. For example, the 
rigid plate adjoining layer 40 can be implemented with the 
same materials used in the composite panels 10, such as the 
facesheets 12 (see FIGS. 4A-4B) as disclosed herein, which 
would mitigate loading due to differences in coefficients of 
thermal expansion that might exist with different materials. 
Thus, in contrast to the prepreg adjoining layer example men- 
tioned above, the hard cured plate adjoining layer would not 
have to be cured after stitching, such that the manufacturing 
process of the structure may be facilitated. Additionally, the 
hard cured plate could also be initially fabricated in a much 
larger size than needed and cut to size according to applica- 
tion requirements. 

For the example of using the prepreg adjoining layer 40, 
prepreg stiffeners 42, such as I, T, or L-shaped stiffeners, can 
be adhered to or otherwise secured to the prepreg adjoining 
layer 40. The prepreg stiffeners can be formed within each 
sheet of the prepreg layer as well as extend between opposed 
prepreg layers at each surface of the composite panel as 
demonstrated in the example of FIG. 7. The prepreg stiffeners 
42 thus can be utilized to increase the stiffness of the resulting 
composite structure 50. The stiffeners 42 may be formed of a 
resilient material (e.g., an inelastically deformable plastic 
material), that allows passage of a stitching needle there- 
through similar to the stiffeners in the composite panels of 
FIGS. 4A and 4B. 

The adjoining layer 40 can have a coefficient of thermal 
expansion that is similar to that of the adhesive layer 30 and 
the composite panel 10 on which it is laid in order to mitigate 
thermal stresses during subsequent manufacturing steps and 
during subsequent use. 

To stitch the components 10, 30, 40 together, a stitching 
needle (not shown) can be prepared to include a flexible 
connecting element 58 through an eye of the needle. The 
needle can be part of a sewing machine, which can be used to 
pass the connecting element 58 through the adjoining layer 40 
(e.g., a prepreg layer or an already cured plate that includes 
holes), the prepreg stiffeners 42 (if present), the adhesive 
layer 30, and into the holes 26 in the composite panels 10. 
This can be implemented via an industrial type sewing 
machine, for example. 

To help increase strength of the resulting structure 50, the 
thread can be pretensioned (e.g., by the sewing machine) 
between each stitch or every couple of stitches. As needle is 
pulled out of the composite hole, the machine can apply 
predetermined force to the thread 58. The amount of tension 
applied to the thread 58 for each stitch can depend on the 
elasticity of the thread and the coefficient of thermal expan- 
sion of the thread compared to the composite panels 10 being 
joined. The pretensioning of the stitches also helps facilitate 
load sharing between the adhesive layer 30 and the thread 58 
in the composite structure. For instance, a continuous stitch 
can be applied to the components 10, 30, and 40 at each side 
of the joint being formed of the structure 50. In other 
examples, multiple threads can be utilized at each side, such 
that each stitch or multiple stitches are formed of a single 
length of the thread 58. 

As an example, the thread 58 can be implemented as a 
flexible connecting element, such as yam, fully oriented fila- 
ment yarn, flat filament yarn, staple-based yarn, bulked 
twisted filament yarn, hard or flat or textured filament yam, 
textured polymeric yam or composite flat/textured polymeric 
yarn. Any yarn or other flexible element can be used so long 
as it does not gather or buckle the adhesive layer 30. In some 
examples, the thread 58 can be selected to have a coefficient 
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of thermal expansion that substantially matches the hard 
material components (e.g., the composite panel 10) being 
joined. 

In accordance with one example embodiment, neither the 
5 adhesive layer 30 nor the adjoining layer 40 is cured prior to 
stitching and, thus, the layers and the composite panels can be 
penetrated by the needle in a traditional matter without dam- 
aging the needle. When the stiffeners 42 are present, the 
needle can pass through flange portions 44 of each stiffener 
to (see FIG. 7) to add rigidity to the composite stmcture 50. 
After the stitching has been applied to secure the structure, the 
adhesive layer 30, the adjoining layer 40 and the thread 58 can 
be cured as disclosed herein. 

In the example of a hard plate adjoining layer 40, the 
15 adjoining layer can be cured prior to being applied over the 
adhesive layer 30 to cover the joint between the composite 
panels 10. Holes through the plate adjoining layer 40 can be 
preformed (e.g., via drilling) such as at the same size and 
locations as the holes formed through the composite panels 
20 10. After stitching the layers 10, 30 and 40 together the 
adhesive can be cured to bond the composite stmcture 50 
together. 

The stitches of thread 58 may be formed in any predeter- 
mined pattern using various known or yet-to-be developed 
25 stitching techniques. For example, the thread 58 may pass all 
the way through the holes 26 or — as shown in the examples of 
FIGS. 5 and 7 — the thread may pass partially through the 
holes but not extend entirely through each composite panel 
10. Various other stitching designs can be utilized depending 
30 on the construction or configuration of the composite panel 
10 as well as the expected forces to which the stitching joints 
will be subjected. For example, both single sided stitching 
techniques and double sided stitching techniques (not shown) 
are contemplated by the present disclosure. In any case, 
35 stitching the composite panels 10 together using thread 58 
and adhesive layer 30 forms a durable mechanical joint 
between the composite panels. 

Regardless of the stitching configuration used, following 
stitching of the composite panels 10 together, the mechani- 
40 cally joined panels can be locally cured using a curing process 
in order to form a bonded or adhesive joint between the 
composite panels in the composite stmcture 50. For example, 
localized heaters and vacuum bags may be used to cure the 
adhesive layer 30 to form the bonded joint between the com- 
45 posite panels 10. Initially, the cured adhesive joint will be a 
regular bonded joint with a surface area equal to the surface 
area of the adhesive layer 30 minus the surface area of the 
holes 26 in the composite panels 10. However, when any 
portion of the cured adhesive layer 30 fails, the bonded joint 
50 will transfer the load through the thread 58 stitches, i.e., to the 
mechanical joint, and therefore provide fastening redundancy 
between the composite panels 10 in the composite structure 
50. In the case which the stitch is pretensioned, the initial joint 
will exhibit load sharing between the flexible connecting 
55 element 58 and the adhesive. 

Examples of curing methods that can be utilized to cure the 
materials at the bonded joint can include those disclosed in 
U.S. Pat. No. 4,788,413 to Eng, U.S. Pat. No. 4,496,412 to 
Ritter, U.S. Pat. No. 4,732,639 to Newsom, each of which are 
60 incorporated herein by reference in their entirety. 

FIG. 8 depicts a schematic example of a multi-headed tool 
60 that can be utilized to fabricate a composite stmcture 50. 
For example, the tool 60 a single, multi-headed tool 60 can be 
configured to perform each of the joining operations to form 
65 the composite stmcture 50 as to increase operational effi- 
ciency of the manufacturing and assembly process. As shown 
in FIG. 8, the multi-headed tool 60 may include means for 
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forming the holes 26, such as a drill, in the composite panels 
10 to be joined. An adhesive roll 64 can be used to apply the 
adhesive layer 30 to the composite panels, such as in overly- 
ing relationship to the holes 26. A fabric roll 66 of the prepreg 
layer 40 can be applied via roller onto the adhesive layer 30. 
A needle 70 (e.g., of a sewing machine) can be utilized for 
stitching the composite panels together using thread 58 to 
form the composite structure 50, such as disclosed herein. An 
additional roller 68 may apply pressure to the adhesive layer 
30 and prepreg layer 40 to compress the respective layers into 
the composite panels 10 before stitching together the compo- 
nents 10, 30, 40 (e.g., by the sewing machine). Additionally or 
alternatively, one or more of the joining operations may be 
performed manually by hand (not shown). The composite 
panels 10 move in the direction indicated generally by arrow 
A in FIG. 8 along the multi -headed tool 60 in order to perform 
each manufacturing step in succession. 

If stiffeners 42 are provided in the prepreg layer 40, their 
shape will dictate the type of tool head or roller 66 needed for 
their accurate placement. If desired, the stitching needle 70 or 
a separate needle on the multi-headed tool 60 may inject the 
adhesive layer 30 into the holes 26 in the composite panel 10 
during and/or after stitching the composite panels together 
with the thread 58. The multi-headed tool 60 may further 
include precision guide rails (not shown) that allow the tool to 
move via stepper motors along or transverse to the axis 20 of 
each composite panel 10 in order to perform all the joining 
operations. 

Embodiments of the bonded and stitched composite struc- 
ture 50 are advantageous in that the fastening joints provide 
redundancy to the connection between composite panels 10. 
For example, the mechanical joint, including the thread 58 
stitching, acts as a safeguard to ensure that a connection 
between composite panels 10 is maintained, thereby enhanc- 
ing the reliability and damage tolerance of bonded composite 
panels in case a chemical bond of the adhesive layer 30 
weakens or fails. Such a redundant fastening sti telling tech- 
nique allows for the utilization of stitching for joining large 
cured composite panels without the labor and mass expense 
of using bolted joints. Additionally, the combined adhesive 
layer 30 and thread 58 (via pretensioning) can perform load 
sharing at the joint to further augment the strength of the joint. 
The systems and methods disclosed herein further allow for 
the joining of assemblies that cannot be cured in their entirety 
and therefore is beneficial in manufacturing large composite 
structures 50, such as panels of vehicles. The systems and 
methods disclosed herein also allows for stitching of various 
panel configurations, e.g., sandwich panels and stiffened pan- 
els, and the multi-headed tool 60 increases the flexibility of 
the joints that can be manufactured. 

Example embodiments of the invention have been illus- 
trated and described in detail. However, the present invention 
is not to be considered limited to the precise construction 
disclosed. For instance, although the systems and methods 
have been illustrated and described as being used to redun- 
dantly secure composite panels 10 together to form the com- 
posite structure 50, it will be understood that any hard struc- 
tures can be joined together via either other hard structures or 
to soft structures such as prepreg layers 40. 

In view of the foregoing structural and functional features 
described above, an example method will be better appreci- 
ated with reference to FIG. 9. While, for purposes of simplic- 
ity of explanation, the method is shown and described as 
executing serially, it is to be understood and appreciated that 
such method is not limited by the illustrated order, as parts of 
the method could occur in different orders and/or concur- 
rently from that shown and described herein. 
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FIG. 9 is a flow diagram of a method 100 that can be 
employed to form a composite structure (e.g., the composite 
structure 50 of FIG. 1 or 7). The method begins at 102 in 
which a plurality of two or more composite panels (e.g., 
5 panels 10 disclosed with respect to FIGS. 1-7) are provided. 
Each composite panel includes a plurality of holes that are 
formed through one or more end thereof, indicated at 104. 

At 106, the method includes applying an adhesive layer 
(e.g., adhesive layer 30 of FIGS. 1, 2, 5 and 7) to each 
to composite panel. For example, the adhesive layer can be 
applied (e.g., as one or more sheets from a roll or mechani- 
cally sprayed) to one ormore surface of each composite panel 
in overlying relationship to the holes. The adhesive can be 
uncured when it is applied to the composite panels and sub- 
15 sequently cured as disclosed herein. At 108, a prepreg layer is 
applied to each adhesive layer. The prepreg layer can be 
applied uncured and later cured as disclosed herein. 

At 110, the method includes stitching the composite pan- 
els, adhesive layers, and prepreg layers together. The stitching 
20 can include passing a length of one or more flexible connect- 
ing elements (e.g., one or more threads 58 of FIGS. 1, 6 and 
7) through the adhesive and prepreg layers and into the plu- 
rality of holes in the composite panels of material, such as by 
a sewing machine. The stitching at 110 can also include 
25 pretensioning the stitches by applying a predetermined force 
(e.g., via a sewing machine) as the stitches are applied. Thus, 
in addition to the stitching providing a redundant support to 
the adhesive the pretension can afford increase load sharing 
between the adhesive layer and the stitches. 

30 At 112, the method includes curing at least the adhesive 
layer to bond the composite panels together to fonn the com- 
posite structure. In some examples, as disclosed herein, the 
prepreg layer and/or connecting element can also be cured at 
112 to enhance the bonds formed in the composite structure. 
35 The curing methods can be the same or different depending 
on the materials used for each of the layers and stitching. 

As disclosed herein, the resulting composite structure pro- 
duced according to the method 1 00 allows for increased dam- 
age tolerance and redundancy of a composite joint and pro- 
40 vides a highly efficient approach to join two cured adjacent 
panels. The construction and methods disclosed herein are 
applicable to large panels, such as with joint lengths greater 
than 10 feet (e.g., greater than 15 feet). In other example, 
however, the process and structure can also be utilized for 
45 smaller joint lengths (e.g., inches long) especially for circum- 
stances where panels will carry out planar loading. 

What have been described above are examples. It is, of 
course, not possible to describe every conceivable combina- 
tion of components ormethods, but one of ordinary skill in the 
50 art will recognize that many further combinations and permu- 
tations are possible. Accordingly, the invention is intended to 
embrace all such alterations, modifications, and variations 
that fall within the scope of this application, including the 
appended claims. Where the disclosure or claims recite “a,” 
55 “an,” “a first,” or “another” element, or the equivalent thereof, 
it should be interpreted to include one or more than one such 
element, neither requiring nor excluding two or more such 
elements. As used herein, the term “includes” means includes 
but not limited to, the term “including” means including but 
60 not limited to. The term “based on” means based at least in 
part on. 

What is claimed is: 

1 . A method for forming a composite structure comprising: 
65 providing a plurality of composite panels of material, each 
composite panel having a plurality of holes formed 
therethrough; 
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applying an uncured adhesive layer to each of the compos- 
ite panels; 

applying an adjoining layer over each adhesive layer and 
over a joint between ends of the composite panels; 

stitching the composite panels, the adhesive layer, and the 5 
adjoining layer together by passing a length of a flexible 
connecting element into the plurality of holes in the 
composite panels; and 

curing at least the adhesive layer to bond the composite 
panels together and thereby form the composite struc- to 
ture. 

2. The method of claim 1, wherein the adhesive layer is 

applied to a surface of each of the composite panels in over- 
lying relationship with the holes of each of the respective 
composite panels. 15 

3. The method of claim 2, wherein the holes are formed 
through an end portion of each of the respective composite 
panels that is to be joined together. 

4. The method of claim 3, wherein the end portion of each 
of the respective composite panels has a curved end, the 20 
curved end of each of the respective composite panels being 
aligned and urged together for the application of the adhesive 
layer. 

5. The method of claim 1, wherein at least one of the 
composite panels comprises a pair of facesheets with a core 25 
that includes stiffeners extending between the pair of 
facesheets. 

6. The method of claim 1, wherein at least one of the 
composite panels comprises a fiber reinforced foam core 
between a pair of facesheets that provide respective outer 30 
surfaces of the at least one of the composite panels. 

7. The method of claim 1, wherein the adhesive layer is 
applied onto the composite panels via one of a roller or spray 
mechanism. 

8. The method of claim 1, wherein the stitching further 35 
comprises applying a predetermined amount of tension to the 
flexible connecting element being stitched to facilitate load 
sharing between the flexible connecting element and the 
adhesive layer. 

9. The method of claim 1, wherein the adhesive layer, the 40 
adjoining layer and the sti telling comprises corresponding 
components applied at each opposing side surface of the 
composite panels that are being joined together, such that the 
composite panels and each of the adhesive layers are sand- 
wiched together between adjoining layers applied over the 45 
opposing side surfaces. 

10. The method of claim 1, wherein the curing is applied to 
cure the adhesive layer and at least one more of the adjoining 
layer and the flexible connecting element to bond the com- 
posite panels together to form the composite structure. 50 

11. The method of claim 1, wherein the adjoining layer 
comprises a prepreg layer. 

12. The method of claim 11, further comprising applying 
pressure to compress the adhesive layer and the prepreg layer 
into the composite panels before the stitching together is 55 
performed. 

13. The composite structure produced according to the 
method of claim 1. 
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14. A composite structure comprising: 

a pair of composite panels of material, each of the compos- 
ite panels having a plurality of holes extending there- 
through adjacent at least one end portion thereof, the end 
portion of each of the composite panels being positioned 
adjacent to each other to define a joint therebetween; 

a layer of adhesive material disposed on a surface of each of 
the composite panels overlying the holes; 

an adjoining layer disposed over the layer of adhesive 
material on each of the composite panels, the layer of 
adhesive material being cured to bond the composite 
panels of material together, and 

a length of a flexible connecting element extending through 
the adjoining layer and the layer of adhesive material 
and into the holes of the composite panels to stitch the 
pair of composite panels a together to provide the com- 
posite structure with a redundant connection at the joint. 

15. The composite structure of claim 14, wherein each of 
the composite panels comprises a substantially flat panel that 
are arranged substantially coplanar with respect to each other 
at respective adjacent ends thereof to provide the joint. 

16. The composite structure of claim 14, wherein the layer 
of adhesive material comprises at least one layer of adhesive 
material applied to the surface of each of the composite panels 
in an overlying relationship to the holes formed through each 
of the respective composite panels. 

17. The composite structure of claim 16, wherein at least 
one of the composite panels comprises a pair of facesheets 
with a core disposed between the pair of facesheets, at least 
one of the facesheets of the at least one composite panel 
defining an outer surface to which the layer of adhesive mate- 
rial is applied. 

18. The composite structure of claim 17, wherein the core 
comprises one of a fiber reinforced foam core or a plurality of 
stiffeners extending between the pair of facesheets. 

19. The composite structure of claim 16, wherein the layer 
of adhesive material further comprises first and second layers 
of the adhesive material at opposing surfaces of each of the 
composite panels located in overlying relationship with the 
holes, and 

wherein the adjoining layer comprises first and second 
adjoining layers applied over each of the first and second 
layers of the adhesive material and the joint. 

20. The composite structure of claim 14, wherein each 
respective composite panel has a substantially planar surface, 
at least near the joint, each respective planar surface being 
maintained in co-planar arrangement by the layer of adhesive 
material, the adjoining layer and the flexible comiecting ele- 
ment. 

21. The composite structure of claim 14, wherein the end 
portion of each respective composite panel is curved end 
about an axis, the curved end of each respective composite 
panel being aligned substantially coaxially along the axis. 

22. The composite structure of claim 14, wherein the 
adjoining layer comprises one of a prepreg layer or a cured 
hard plate. 





